Abstract Purpose A web-based self-management application BOncokompas^was developed to monitor health-related quality of life and to support cancer survivors in finding and obtaining optimal supportive care. Access to this application is provided via a healthcare professional (HCP). The aim of this study was to explore the adoption and implementation of Oncokompas in routine clinical practice and to obtain insights in potentially relevant determinants of implementation. Methods A pilot study was carried out among 65 hospitals throughout The Netherlands. HCPs filled out a questionnaire on the implementation of Oncokompas in their organization, consisting of study specific items and items based on the Measurement Instrument for Determinants of Innovations (MIDI). The MIDI comprises 29 determinants in four domains that predict the use of innovations: the innovation itself (Oncokompas), the user (HCP), the organization (hospital), and socio-political context. Results In total, 20/65 eligible hospitals agreed to implement Oncokompas (adoption rate 31%). In these 20 adopting hospitals, the majority of the responding HCPs (72/205) in this study (44/61) indicated their patients were offered access to Oncokompas (implementation rate 72%). Comparing those HCPs who did and did not implement Oncokompas, the groups differed significantly on innovation-related (procedural clarity, complexity) and user-related determinants (importance of outcome expectations, professional obligation, social support, and self-efficacy). Conclusions During this 1-year study, nationwide adoption rate of Oncokompas was at 31%, and subsequent implementation rate was at 72%. The results of this study contribute to further optimize interventions and strategies to adopt and implement (online) self-management applications in cancer care.
Introduction
Cancer and the treatment of cancer often have a negative impact on a cancer survivors' health-related quality of life (HRQOL). Addressing this requires a multidisciplinary and multichannel approach using different strategies. One of these strategies is self-management, and even though its benefits have been recognized [1] [2] [3] , integration in routine cancer care is still in its early stages. There is an important role for healthcare professionals (HCPs) in informing and encouraging self-management in patients, as patients consider their HCP an important source of information [4] . Selfmanagement support has been defined as Bthe systematic provision of education and supportive interventions by healthcare staff to increase patients' skills and confidence in managing their health problems, including regular assessment of progress and problems, goal setting, and problem-solving support^ [5] . HCPs have many options and strategies to choose from when it comes to providing self-management support. An example is informing patients of (web-based) tools that facilitate or enable self-management behaviors of cancer survivors [6] [7] [8] .
The web-based self-management application Oncokompas has been designed to facilitate access to supportive cancer care services. Users measure their HRQOL by means of patientreported outcome measures (PROMs) targeting over 80 different cancer related HRQOL topics, which are processed by the algorithms built into Oncokompas. All algorithm calculations are based on available cut-off scores, or they are defined based on Dutch practice guidelines, literature searches, and/or consensus by teams of experts (consisting of patients, physicians, nurses, researchers, psychologists, and other experts) [6] . This results in red/orange/green scores on the various topics. These scores are accompanied by automatically generated feedback, information, insights, and tips to deal with problem areas, all tailored to the individual patient. Finally, Oncokompas provides options for supportive cancer care for each HRQOL topic. These options range from (online) selfhelp options (in case of an orange score) to traditional face-toface care options, such as a psychologist (in case of a red score), accompanied with contact information and map to the nearest psychologist specialized in cancer extracted from the Dutch Cancer Referral Guide [9] , based on the user's postal code.
Participatory design principles were followed to ensure sustainable usage of Oncokompas, meaning that all stakeholders, including cancer survivors, HCPs, healthcare insurance companies, and researchers were involved in each step of the development process [6, [10] [11] [12] . This approach resulted in an eHealth application that fits the needs of cancer survivors and HCPs and is proven to be feasible for usage in clinical practice, combined with good satisfaction rates among cancer survivors [6, 13] . Oncokompas is designed as a self-help application, based on a feasibility study among HCPs and patients valuing independent use. A supported selfmanagement approach was also explored (blended care), but the importance of empowering the user and respecting their privacy resulted in implementing Oncokompas as a standalone self-management tool. Additionally, a supported approach would have led to increased complexity regarding existing working procedures, potentially leading to low uptake. [6, 11, 14] . To stimulate HCP involvement, access to the application occurs via HCPs.
The next step was to implement Oncokompas in Dutch oncology settings. Earlier research has shown that successful implementation of innovations, especially e-health applications in healthcare, is difficult to achieve, and many determinants can be of influence [15] [16] [17] [18] . In order to facilitate the adoption and implementation of Oncokompas in oncology settings, a comprehensive multifaceted implementation strategy was designed, in which we incorporated insights from earlier studies [6, 19] as well as the requirements for implementation of Oncokompas indicated by HCPs, such as designing Oncokompas in a way that enables independent use by patients [11] . Figure 1 shows a generic framework that has been used for the introduction and evaluation of innovations in healthcare [20] . Each of the four main stages in innovation processes can be thought of as critical phase where the desired change may or may not occur. The transition from one stage to the next can be affected, positively or negatively, by various determinants. A detailed understanding of determinants helps to design an innovation strategy that can achieve real change.
The aim of this study was to investigate the adoption and implementation of Oncokompas in clinical practice and to obtain insights in possible determinants of implementation. Study results are relevant to guide and increase future implementation of (online) self-management interventions in oncology settings.
Materials and methods

Design and study setting
In this cross-sectional multicentre pilot study, the adoption and implementation of Oncokompas in routine cancer care were investigated. Adoption was defined as whether a hospital agreed to offer Oncokompas to their patients. Implementation was defined as whether Oncokompas was actually offered to patients of the participating HCPs. At the time of the study (2015-2016), there were 78 hospitals in the Netherlands, who were all informed about Oncokompas by a health insurance company. In total, 13 hospitals were excluded for this study because they were involved in research on the development and effectiveness of Oncokompas [13, 21] . Therefore, the study population in the present study was HCPs in 65 hospitals. In these 65 hospitals, the adoption rate and reasons for not adopting were examined. Second, in the adopting hospitals, implementation of Oncokompas was investigated from the perspective of HCPs involved with implementation of Oncokompas in their hospital.
Intervention BOncokompasT he web-based self-management application BOncokompasp rovides personalized feedback, information, advice, and options for supportive cancer care, based on the situation of the cancer survivor. Oncokompas consists of three components: Bmeasure,^Blearn,^and Bact^(see Multimedia Appendix A for screenshots of Oncokompas). Oncokompas is designed to be used before treatment (after diagnosis), during treatment, and in follow-up care by patients who are (going to be) treated with curative intent (cancer survivors). Oncokompas was developed to be used by cancer survivors independently from their HCP, while allowing users to optionally share their Oncokompas results and progress over time with their HCP by bringing a (digital) copy of their Oncokompas dossier.
Implementation of Oncokompas consists for HCPs of the following steps: (1) informing the patient about Oncokompas, (2) logging into Oncokompas with an HCP account, (3) submitting an online form with personal information of the patient: name, e-mail address, date of birth, treatment phase (before/during/after treatment), and home address. Oncokompas sends a personal activation link to the e-mail address of the cancer survivor, who then completes the registration and starts the Measure component as described above.
Oncokompas is considered to be a medical device and is in compliance with Dutch and European laws and regulations (Medical Device Directive [22] ). All data are stored safely and encrypted by an enterprise grade hosting company, which is NEN7510 certified (Dutch norm for information security in healthcare).
Implementation strategy
The multifaceted implementation strategy used for implementing Oncokompas consisted of several discrete implementation strategies [23] and was selected based on consensus among a team of health care providers and researchers. The core elements are listed in Table 1 .
Outcome measures
Adoption rate was calculated as the number of hospitals that adopted Oncokompas (agreed to start implementation) divided by the total number of eligible Dutch hospitals. Reasons for not adopting were explored based on minutes of meetings and e-mail conversations.
In the hospitals that adopted Oncokompas, all HCPs who obtained a HCP account for Oncokompas, automatically received an e-mail inviting them to complete an online questionnaire, 3 months after receiving the HCP account. This questionnaire consisted of study specific items and the MIDI questionnaire. The study specific items included work-related items (profession: medical specialist, nurse (specialist), (physician-)assistant, other) and the number of new patients they see each year. These were followed by the following items: (1) How many patients were offered Oncokompas?; (2) How many patients wanted to discuss the results of Oncokompas during a follow-up consult?; (3) How many patients brought a (digital) copy of their Oncokompas dossier to the consultation? (these questions had five answer categories: B1-5 patients,^B6-10 patients,^B11-50 patients,^Bmore than 50 patients,^Bnone^); (4) Did you offer Oncokompas to patients yourself? (yes, no); and (5) Why did you not offer Oncokompas? (multiple options allowed: BI don't have the time to invite the patient to Oncokompas,^BOffering Oncokompas was done by somebody else,^BI forgot to register the patient for Oncokompas,^BI don't endorse the use of Oncokompas,^BI don't endorse the content of Oncokompas,â nd a free text option). In case of non-response, personal reminders (at most three) followed by e-mail and telephone.
The MIDI questionnaire consists of 65 items addressing 29 determinants in four domains: the innovation itself (Oncokompas, eight items), the user (HCPs, 46 items), the [20] organization (hospital, ten items), and the socio-political context (Dutch healthcare setting with accompanying laws and regulations, one item) [20] . These determinants may positively or negatively influence the implementation. For example, a low score on Bprofessional obligation^in the context of this study means that an HCP perceives the goals that can be achieved with Oncokompas not as part of their job description, while a high score on, e.g., Bcorrectness^means the HCP (strongly) perceives Oncokompas to be based on factual knowledge. For the current study, the MIDI was adapted to the context of Oncokompas, as is common practice when using the MIDI. Determinant 7, relevance for client, was for the purpose of this study divided into positive (BI think Oncokompas is suitable for my patients^) and negative relevance (BI think the use of Oncokompas is cumbersome for patients^). Determinant 10, professional obligation, consisted of a list of the core features of Oncokompas (which could be considered self-management behaviors an HCP could display), where HCPs are asked whether they think it is part of their job. See Appendix B for the complete questionnaire.
A higher mean score indicates that an HCP perceives this determinant less as a barrier to implement Oncokompas; higher scores are associated with higher expected levels of use [20] .
Statistical analysis
Adoption rate was calculated as the number of hospitals that adopted Oncokompas divided by the total number of eligible Dutch hospitals. Implementation rate was calculated as the number of HCPs in the adopting hospitals that reported that their patients were offered Oncokompas divided by the total number of HCPs in the adopting hospitals that responded to the online questionnaire.
Differences between implementers and non-implementers were assessed using Mann-Whitney U tests. Effect sizes were calculated via r ¼ z= ffiffi ffi n p , where z is the standardized U statistic of the Mann-Whitney U test and n the total sample size. Because of the high number of determinants, significance was set at p ≤ 0.001 (two-tailed). Statistical analyses were performed using the Statistical Package for the Social Sciences (SPSS) version 24 (IBM Corp., Armonk, NY, USA).
Results
Adoption
During this 1-year study, 20 out of 65 eligible hospitals adopted Oncokompas (adoption rate 31%). Various reasons for not (yet) adopting Oncokompas were mentioned. During the study, three hospitals were merging with another hospital and therefore postponed implementation of Oncokompas, 28 hospitals delayed the decision to implement Oncokompas beyond the duration of the study, and 14 hospitals decided not to adopt Oncokompas, of which eight hospitals accepted the invitation to participate in a randomized controlled trial on the (cost-)effectiveness of Oncokompas (see Fig. 2 ).
Some hospitals had implemented an alternative tool (e.g., the distress thermometer [24] ), some wanted to wait for the results of the ongoing research on the (cost-)effectiveness of Oncokompas, and some perceived uncertainty about 7 Via the health insurance company, full reimbursement for all cancer survivors was assured. A prerequisite for reimbursement was that Oncokompas was to be offered by the HCP. 8 Progress in implementation was closely monitored and stimulated through an implementation advisory committee.
reimbursement of Oncokompas in the long run. Offering Oncokompas through an HCP instead of allowing survivors to register themselves was subject of critique for some HCPs, but not a reason for not adopting Oncokompas.
Implementation
Within the 20 hospitals that adopted Oncokompas, 205 HCPs were sent a questionnaire, of whom 72 responded (35%). HCPs were included who completed the work-related items and at least answered the items on innovation (Oncokompas) related MIDI determinants (n = 61) ( Table 2 ). HCPs were mainly nurses (87%), and most provided cancer care to more than 50 new patients each year (82%). In total, 44 out of 61 HCPs (of 205 in total) responded that Oncokompas was offered to their patients: implementation rate 72%. There were no significant differences between implementers and non-implementers, with respect to profession or number of new patients per year. The 61 participants were spread over 17 hospitals, ranging from a total of 1 to 7 HCPs per hospital (Fig. 3 ). HCPs were asked for reasons for (occasionally) not offering Oncokompas. Not offering Oncokompas was mostly related to forgetting to register the patient in Oncokompas (39%) or because Oncokompas was offered by somebody else in their organization (15%). Some HCPs mentioned that Oncokompas is not yet suitable for their patient group, which consisted mainly of patients in palliative care (the version of Oncokompas available during the pilot implementation study was developed for cancer survivors). General perception about lack of digital skills among elderly patients (70+) was also mentioned as a reason not to offer Oncokompas.
Oncokompas was discussed in follow-up consults among 59% of the HCPs and 7% of the HCPs reported that 1-5 survivors brought along a (digital) copy of their Oncokompas dossier.
Determinants of implementation
Implementers, in general, scored higher on the MIDI determinants than non-implementers (Table 3 ). Significant differences (p ≤ .001) between both groups were found in two determinants related to the innovation (Oncokompas), and four determinants related to the user (HCP) ( Table 3) . Compared to implementers, non-implementers scored significantly lower (perceived more barriers) on procedural clarity (r = 0.54, p < .001) and found offering Oncokompas more complex than implementers (complexity, r = 0.40, p = .002) (innovation related determinants). They scored lower (perceived more barriers) on importance of outcome expectations (r = 0.46, p < .001), professional obligation (r = 0.52, p < .001), social support (r = 0.46, p < .001), and self-efficacy (r = 0.44, p < .001) (user-related determinants).
Discussion
This study describes the first steps of implementing a webbased self-management tool BOncokompas^in Dutch oncology settings. Adoption rate by hospitals was at 31%, and implementation rate in the adopting hospitals by HCPs was at 72%. However, when viewed in the context of the adoption rate, one could also argue that overall implementation rate was low. For instance, taking the total number of HCPs in the adopting hospitals (n = 205) as denominator, the implementation rate would be 21%. In any case, the results are in line with the finding that many new interventions fail to be widely adopted [25] . The results can also be viewed in light of Roger's diffusion of innovation theory where the adoption rate follows an S-curve plotted over time (when looking at the complete lifecycle of an innovation) [26] . When viewing the adoption of Oncokompas in this light, one could say the innovators and early adopters (31%) are using Oncokompas at present, while the others (early and late majority and laggards) are still contemplating or waiting.
To be able to reach cancer patients, the multifaceted implementation strategy focused on oncology settings in hospitals, because that is the place where every new patient can potentially be reached. For that to happen, first, the hospitals had to adopt Oncokompas, which is a challenge, because the organization of oncological care in hospitals is multidisciplinary and complex. Even though all stakeholders, including HCPs, were involved in every step of the development of Oncokompas [6, 11, 13] , this does not guarantee immediate adoption and implementation. Several reasons were mentioned by hospitals for not adopting Oncokompas, such as a lack of evidence regarding (cost-)effectiveness and uncertainty about reimbursement by the health insurance company in the long-term. Another barrier to adopt Oncokompas relates to the concept of self-management: some hospitals questioned whether access to an online self-management tool should be provided through a hospital or directly to patients themselves. More research is needed on the organization of self-management (support) in cancer care [27] , but a key aspect in providing this support is cooperation between health services [28] . Also, in a previous qualitative study exploring HCP's perspective regarding Oncokompas implementation, we found that all participants indicated that when Oncokompas was to be implemented in daily clinical practice, it should be offered to survivors through a clinical procedure in a care pathway [11] .
Implementation by HCPs in the hospitals that adopted Oncokompas was at 72% and related primarily to innovation-related and user-related determinants. Procedural clarity was lower for those HCPs who did not implement Oncokompas, indicating more training or supportive material is needed. This finding could be an indication of a bad fit with procedures or organization of cancer care pathways, which could lead to delays in implementation [29] , although the MIDI determinant Bcompatibility^in the current study was not significantly different between the two groups. This is important, because if (part of) the intervention is perceived as easy to implement, this will result in higher levels of implementation [30] .
HCPs who did not offer Oncokompas also experienced less social support from management, colleagues, the helpdesk, and the Oncokompas team. Studies have shown that support from management is an important facilitator [31, 32] . In the present study, we generally tried to apply a top-down approach through the oncological committees. This often resulted in the committee deciding to first start in a single department or a single HCP implementing Oncokompas, which perhaps contributed towards a feeling of isolation for these HCPs and a perception of less social support.
Self-reported self-efficacy was significantly lower among those who did not offer Oncokompas, which is in line with findings that a higher self-efficacy is associated with higher levels of self-management support [33] . Low confidence is also associated with greater hesitance towards implementing innovations, which in turn could lead to lower implementation levels [34] . The difference in self-efficacy might also be related to social support. If a group as a whole is working towards implementation, perceived collective efficacy might positively interact with individual self-efficacy [35] (MIDI determinant descriptive norm). This in turn calls for central coordination and formal ratification by management (both MIDI Fig. 3 Number of implementers and non-implementers in each of the 17 adopting hospitals A higher mean score indicates that a healthcare professional perceives this determinant less as a barrier to implement (ranging from 1 to 5) a Determinant 4 is reversed for readability (low score indicates high complexity)
b Determinant 14 has 7 answer options: (1) not a single colleague, (2) almost no colleagues, (3) a minority, (4) half, (5) a majority, (6) almost all colleagues, (7) all colleagues) (ranging from 1 to 7) c Determinant 18 has 4 answer categories: (1) I'm not familiar with the content of Oncokompas, (2) I'm familiar with Oncokompas, but I haven't gone through it (yet), (3) I'm familiar with Oncokompas and I've looked at the clickable demo, (4) I'm familiar with the innovation and I have gone through it completely) (ranging from 1 to 4) d Determinants 19, 25 , and 26 are yes/no questions (ranging 1-2), N (%) that reported Byes^is displayed determinants) when implementing an innovation. Additionally, taking a top-down approach and implementing an innovation hospital wide, involving all relevant staff, is considered to be crucial for successful implementation and integration. Interestingly though, the two groups did not differ significantly on organizational related determinants of the MIDI, but one third reported there was no formal ratification by management, while previous studies have shown this to be an important factor [36, 37] .
Quantitative insights into implementation of innovation in supportive cancer care are still relatively scarce, and the current study adds to this new body of research. There was however no qualitative follow-up (e.g., interviews), which is common in implementation process studies. Although we believe we captured many essential elements, this could have provided additional insights, such as a deeper understanding of why implementers generally score MIDI determinants higher than non-implementers. The cross-sectional design of the current study also limits the amount of relevant information that can be captured, as implementation is a process that develops over time, strongly influenced by current circumstances. Furthermore, the instructional meeting that was organized in the adopting hospitals was not attended by all HCPs involved, which could have had an effect on the implementation rate. Effects of training were not evaluated in the current study, but this exposure to education on working with the intervention should be captured in future studies. We defined implementers as those HCPs that followed the three steps involved in implementing Oncokompas, but this was based on selfreported answers by HCPs. Future studies should more thoroughly assess the level of implementation of the different components of interventions (and steps involved for the HCP) and measure if these are delivered as intended.
The response rate was low, which we tried to address beforehand by making the questionnaire as short as possible, leaving out demographic variables, such as sex and age. The questionnaire was available online, which might increase response [38] . There could also be a bias in the group of participants, as HCPs that did not implement Oncokompas as intended, were probably less likely to participate in this study.
Future research should aim to capture as many processes and perceptions as possible to be able to assess as much (underling) processes as possible.
The current dissemination strategy of offering Oncokompas through an HCP could be transformed in such a way that allows people to independently register for Oncokompas, but that would also require a shift in the way of thinking among healthcare insurance companies in order to secure reimbursement in order to sustain Oncokompas.
Conclusion
During this 1-year study, nationwide adoption rate of Oncokompas was at 31% at the end of this study and subsequent implementation rate within this study was at 73%. Comparing those HCPs who did and did not implement Oncokompas, the groups differed significantly on innovation-related (procedural clarity, complexity) and userrelated determinants (importance of outcome expectations, professional obligation, social support, and self-efficacy). Both groups encountered barriers concerning organizationrelated determinants. The results of this study contribute to further optimize interventions and strategies to adopt and implement (online) self-management applications in cancer care.
